Abstract. Family refuge chamber was a thin shell structure, and it is very critical to evaluate the dynamic stability of chamber structure by the buckling analysis. Firstly the principle of buckling analysis was introduced, and according to the actual situation of family refuge chamber to established three-dimensional mathematical model. Then operated the capsule structure static analysis based on ANSYS Workbench. Lastly operated the cabin structure buckling analysis which was based on static analysis, and to predict its theoretical buckling strength, to determine its flexion site, and to calculate its critical buckling load. The results show that the strength and stability of the designed rescue capsule are all satisfied, and the research has a guiding significance for the design and optimization of family refuge chamber.
Introduction
In order to save the land resources, high-rise buildings have become the preferred direction of architecture in the world. In the face of earthquakes, fires and other natural disasters, how to refuge emergently and securely, to maximize the protection of people's life and property safety, became a problem of great concern in today's society. Therefore, the family refuge chamber come into being. People could quickly escape into the cabin after the accident, waiting for the arrival of rescuer which set aside enough time for the rescue work. For the study of the family refuge chamber, Document 1 presented the conceptual design of the family refuge chamber and introduced a general design scheme of the refuge chamber with impact resistance, high temperature resistance, airtightness and perfect protection facilities [1] .In the document 2, the transient dynamic analysis and optimal analysis of the family refuge chamber were carried out. The acceleration and displacement of the refuge chamber were simulated under the action of seismic load, and the family refuge chamber was optimized, which greatly reduced the possibility of fracture and destruction of the cabin structure and improved the ability of resisting seismic damage of the cabin [2] .After the optimization of the structure of the refuge chamber, the internal cabin welded stiffeners, which effectively improved the strength and stiffness of the cabin. However, during the welding installation and processing production of the cabin stiffeners, there will inevitably be some uncertain defects, such as cracks, the initial displacement or the initial deflection. The initial defect come in for external variable load, which leaded to transient instable deformation of the structure, resulting in personal injury. Therefore, in the structural design, in addition to meet the strength, rigidity and other requirements of impact resistance, but also the need for buckling analysis of the cabin to verify whether the cabin to meet the stability requirements.
Principle of the Buckling Analysis
Buckling analysis is mainly used to study the stability of the structure under specific loads and to determine the critical load at the time of structural instability. The buckling analysis includes linear buckling analysis and nonlinear buckling analysis [3] .
The linear buckling analysis is based on the linear elasticity theory of small displacement and small strain. The analysis process does not take the change of the configuration of the structure into account during the loading process, that is, the structure always establishes the equilibrium equation with the initial configuration. Nonlinear buckling analysis, based on finite element analysis of large deflection, has three forms: geometric nonlinearity, material nonlinearity, and state change (including contact).
In the process of the practical application, the family refuge chamber need to resist the impact load caused by the falling objects, and its stability belongs to the problem of the nonlinear buckling analysis due to the influence of the initial defects of the stiffeners in the cabin. However, the load obtained by linear buckling analysis usually represents the upper limit of the ultimate load of the actual system. In addition, the refuge chamber is a thin-walled bulk structure which satisfies hypothesis of the small deformation and small displacement under the impact load. Therefore, the dynamic stability of the structure of the refuge chamber is still an important tool to evaluate the actual bearing capacity by using the linear buckling method [4] . According to the theory of linear buckling, the buckling load of the structure under external load F can be attributed to the eigenvalue problem.
(1) Where: [KE] is the structural elastic stiffness matrix, [Kσ] is the stiffness matrix of the initial stress, λi is the eigenvalue, X is the buckling mode. If the equation (1) is a N-order linear equation, then there are n theoretical eigenvalues, λ1, λ2,…,λn. For the structural problem of the study, only the minimum eigenvalue that is the minimum stable safety factor, is meaningful [5] . The eigenvalue is λτr at this time, the critical load is λτrF. This study is based on the linear buckling analysis in ANSYS Workbench to analyze the stability of the refuge chamber.
Modeling and Process

Cabin Modeling
According to the actual situation of family refuge chamber, considering the limits of the production cost and requirements of indoor placement, the cabin of the refuge chamber is designed as a rectangular cabin with knuckles. The cabin is designed as a two-stage structure, and two stage of the cabin are connected by the flange [6] . The flange is sealed with a sealing material whose loading surface is designed as welded stiffeners structure. The length, width and height of the cabin are 1.6m, 1.6m, 1.0m respectively and thickness is 12mm.In this study, Pro/E software is used to build the three-dimensional model of family refuge chamber. In order to facilitate the establishment of finite element model, cabin is simplified in the establishment of three-dimensional model which omit factors such as smaller fillets and holes that have little impact on the influence coefficient of the analysis ,and the model of the refuge chamber is established, as shown in Figure 1 . Importing the three-dimensional model of the cabin of the refuge chamber into ANSYS Workbench, and there are two current common ways to import: The first way is to use the conversion of the IGES standard format. Building a three-dimensional model in Pro/E and saving it in IGES format, it can be recognized by ANSYS Workbench. The second way is to use the seamless cohesive interface of the ANSYS Workbench and Pro/E, that is, opening "ANSYS Workbench" directly in Pro/E after it was modeled, and the system automatically imports the model to ANSYS Workbench, [7] .Importing in the first method, fracture of model and loss of entities happen when the model is more complicated or the structure is too complicated, which will affect the accuracy of the subsequent analysis of the model. Therefore, this study chose the second way to import three-dimensional model.
Statics Analysis
Seting the bulk material as structural steel of the Q235B, and the elastic modulus of the structural steel is 210MPa, and the Poisson's ratio is 0.3. Then the three-dimensional model of the cabin is grid divided in the Static Structural module of the ANSYS Workbench. In this study, the free mesh model is adopted, the accuracy is set to 4 and the Solid92 unit type is selected. The bottom of the cabin is subjected to a fixed supporting constraint, both sides and the top are applied with a pressure of 0.1 MPa. The total deformation and the equivalent stress nephogram are obtained after the parameters had been set, and the total deformation and equivalent stress diagram are shown in Figure 2 and figure  3 . In the ANSYS static analysis, we can see from Figure 2 , the base part of the cabin is almost no deformation, the front and back and the top near the middle part of the cabin have larger deformation, the maximum deformation of the bulkhead is 1.61 mm. It can be seen from Fig. 3 that the maximum stress of the whole cabin is 161 MPa, which is mainly concentrated in the middle of the intersection of the door and the bulkhead, and the left and right sides are subject to a certain amount of stress within the allowable range. Based on the comprehensive analysis of Fig. 2 and Fig. 3 , it can be seen that the design structure whose deformation and stress of the cabin are moderate can meet the requirements of impact resistance and have practical application value.
Linear Buckling analysis
First, the Static Structural module is associated with the Linear Buckling module [8] , which introduces the static analysis data into the Linear Buckling module and then setting the modal order of the buckling analysis in the Linear Buckling module. Through the previous analysis, we can see that the buckling limit of the cabin can be calculated as long as the first-order buckling factor can be obtained. In order to analyze study, the buckling mode is solved in the form of eight order mode, and the multiplier of the buckling load (eigenvalue) of the cabin (Fig. 4) and the picture of the buckling modes (Fig.5) are obtained. It can be seen from Figure 4 that the growth rate of the multiplicative of the buckling load from 3 to 8 orders is very small, so the first, second, fifth and eighth order of this study are analyzed. Through the buckling deformation nephogram shown in Figure 5 , the deformation of the buckling states of each mode can be visually observed. It can be seen from Fig. 4 that the multiplier of the buckling load of the cabin structure increases with the increase of the modal order, and the increase of the first three orders is larger, then the increase tends to be gentle. The overall growth trend is nonlinear. The factor of the buckling load corresponding to the first mode is 47.514, and the initial load is 0.1MPa. Because the first order of the buckling load is the minimum value, the family refuge chamber will lose structure of the stable bulkhead of cabin when the theoretical pressure reaches to 4.7514 MPa.
From the buckling modes of the first, second, fifth, eighth order shown in Fig. 5 , it can be seen that the instable parts of the cabin are mainly concentrated on the front and back surfaces of the bulkhead of the refuge chamber, and the maximum deformation is close to the central part. The range of the maximum buckling displacement deformation is between 1mm to 1.0011mm, and the deformation is small. With the increase of the modal order, the position of the buckling deformation also changes, and position of the maximum buckling deformation is shifted from the center of the cabin to both sides, and the peak of the buckling deformation shows a trend of scattering.
The results of comprehensive static analysis and linear buckling analysis show that the structural strength and rigidity of the refuge chamber can meet the basic requirements of the impact resistance, and the weak parts mainly focus on the front and back surfaces of the cabin. With the modal order varies, the possibility of occurrence of instability have certain changes in the front and back of the surface of the cabin.
Conclusion
As for the design of refuge chamber, the capsule is only analyzed whether the shock resistance meets the requirement and its stability is neglected. Based on module of the ANSYS Workbench static analysis, the linear buckling analysis of the cabin is carried out on the basis of verifying the strength requirement of the refuge chamber using the module of the linear buckling analysis, which get the critical load and checks stability of the cabin and provide theoretical support for further optimal design of the cabin.
